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FATE AND EFFECTS ©OF DRILLING PLUIDS AND CUTTI NGS DI SCHARGES
I[N LONER COOK | NLET, ALASKA, AND ON GEORGES BANK

EXECUTI VE _ SUMVARY

BACKGROUND

The prospect of major exploratory drilling for petrol eum hydro-
carbons off the northeast and northwest coasts of the United States
has generated concern from regul atory agencies, the fishing industry,
and citizens alike, regarding the extent to which such activities

m ght affect marine ecosystens and resources, Drilling fluids and
formation rock cuttings comprise the mpjority of the material discharged
from of fshore drilling vessels. These nmaterials eould inpact marine

environments either through direct burial of bottom organisms, toxicity
of mud conponents or contam nants including trace netals, biocides, and
petrol eum hydrocarbons, or through changes in.the physical quality of the
environment (e.g., suspended sediment load in the water colum or grain-
size distribution of sedinents).

In 1977 a lawsuit was brought against the Departnment oflnterior
by the English Bay (Al aska) Native Corporation, the New England Fish
Conpany, and several environnental groups regarding inpacts of the
proposed |ower Cook Inlet oCs lease sale. As part of the settlement
of that suit, it was agreed that an analysis of the toxicity of drilling
mud and cuttings to lower Cook Inlet organi snms woul d be perforned
by the Bureau of Land Managenment (BLM). 1In partial response to this
provision, BIM funded this study of the 1likely fate and potential inpacts
of drilling fluids and cuttings discharged in |lower Cook Inlet. Recent
controversy over potential exploratory drilling inpacts on Georges Bank
led to expansion ofthe scope of this impact anal ysis t0 include that
area.

OBJECTI VES
Specific objectives of this study were to:

1. Review information on the physical-chem cal properties of
drilling nuds and their behavior inseawater (transport,
dilution, deposition, flocculation, chemcal transfornations,
etc.) and, based on this, definepotential biological concerns.

2. Synthesize informati on available from previous studies on the
physi cal and chenical fates and biological effects, both ecute
and chronic, of drilling nuds and cuttings.

3. Eased on (1) and (2), define potential critical pathways of
drilling muds end theirconstituents within |ower Cook Inlet
and Georges Bank. e nd infer potential and probable ecosystem
effects. Recammend any studies which should be performed to
test hypotheses regarding these potential effects.
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The follow ng paragraphs summarize study results and concl usions as”
wel | as potential areas for additional research.

PROPERTI ES OF DRI LLI NG Fruips AND THE DRILLING PROCESS

Drilling fluids or“nuds” are essential to controlled and efficient
drilling and seine many diverse functions to that end. Anpong the nost
inportant are the renoval of cuttings from the hocle, control of formation
pressures, and lubrication and cooling ofthe drill bit and driil pi pe.
A wide variety of naturally occurring mnerals (e.g., bentonite, barite),
simple chemi cals (e.g., sodium hydroxide, sodium bicarbonate, potassium
chloride), complex organic conpounds (e.g., lignosulfonates, formalde-
hydes, and other materials is conbined to formthe drilling fluid for
each well. As a result there is a wide array of compositions that can be
cal | ed "whole drilling nuds,” even fora relatively specific category of
wells (e.g., offshore wells 3,000 min depth or.greater). Drilling fluid
composition is also altered with depth within a* given well to counteract
increasing formation pressures and to conpensate for higher tenperatures
and other conplexities. This variability greatly conplicates prediction
of inpacts and conpari sons between i npact monitoring studies. For
exanple, estimted total quantities of barium discharged from two recent
of fshore wells were 2,270 and 436, 160 kg.

Extensive | aboratory testing has denonstrated that the bul k of

materials present in drilling fluids (e.g. , barite, bentonite) are
relatively nontoxic chemcally but contribute to high suspended solids
| evel s. Gt her materials present such as heavy netals, biocides, and

petrol eum hydrocarbons may be highly toxic. They nay also accunulate in
tissues and potentially could be passed to higher trophic levels alt hough
biomagnification has not been denonstrated for drilling fluids.

During the first 50 to 150 m ofdrilling, cuttings are discharged
directly at the seafloor, probably formng the nucleus of a cuttings pile
in nost environments. After a conductor pipe has been set, circul ated
mud and cuttings are returned to the drilling vessel. Each vessel is
equi pped with several mechanical devices to clean cuttings frem the nud
to allow recycling ofthe mud back into the hole. Coarser cuttings are
di scharged essentially continuously during drilling at relatively low
rates . Larger welumesofnud and finer cuttings require discharge
periodically at much higher rates, but for relatively short periods--from
a fewmnutes to 3 hr.

Drilling fluids and cuttings dischazxged in the waker colum offshore
‘have been shown t 0 separate 4inte two relatively distinct components:
an upper pl une containing liguids and finer silts and clays; and a | ower
plume containing the bulk of discharged solids, cuttings, and caked or
£locculated nuds. Bach of the plumes has its primary effectson a
di fferent component of the marine biosphere. The upper, or near-surface,
plume may e ffect drifting or free-swimming (planktonic Or nektonic)
speci es ofthe mid toupper (pel agic) portions of thewater column while
t he lower or bottom i npingi ng plume affects benthic and demersal species
living in, on, orin close assocCi ati ON with the bottom. A variety of
models has been used with varying success to describe the physical
behavi or of these discharges.
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BEHAVI OR aND POTENTI AL Bl OLOG CAL EFFECTS *

Pel agi ¢ | npacts

All field and nodeling studies reported to date have indicated
that high rates of dilution of drilling fluids in the surface plunme, on
t he order of 10,000:1, occur within a relatively short distance (e.g.,
100 m) of the discharge. Several investigators have found that in areas
of relatively low current all water quality parameters neasured (e.g.,
temperature,sal inity, dissolved oxygen, suspended solids, transmttance,
and trace netals) approach background levels wthin about 1,000 m of
the di scharge except for suspended solids. The surface plume gradually
settles at greater distances. In an environnment of nuch stronger
currents (viz., lower Cook Inlet), a neasurable decrease in water
transmissivity was reported across a narrow plume at distances in excess
of 10 km from the discharge point with dilution occurring relatively nore
slowly beyond the 10,000:1 achieved at 100 m

Wthin the zone a few neters downcurrent of the downpipe, whol e
mud concentrations exceeding neasured 96-hr LCg4 val ues* for many
species coul d be experienced infrequently for 15 minto 3 hr by species
actively swmming to maintain thenselves in the plume. The likelihood of
significant nunbers of nektonic organi sms remaining in this area |ong
enough to suffer nortalities or other irreversible stress is considered
renote because of the limted size of the near-field discharge area and
the intermttent nature of the high-volune discharges. In the zone from
a few nmeters to 160 mfromthe discharge, whole nmud concentrations
exceedi ng neasured 96~hr LC values for the nost sensitive species and
the nost toxic muds tested to date could be experienced infrequently,
again for up to about 3 hr, by active swimers choosing to maintain
thenselves in the plume. The likelihood of this occurring i s somewhat
| ess remote given the known tendencies of fish to congregate around
offshore rigs but is still very low The linted duration and frequency
of these high volune discharges would again nake the |ikelihood of
significant nortalities orstress extremely remote. Beyond 100 m from
the discharge, although concentrations will not drop as rapidly, they
will be further reduced bel ow 96-hour LCg, values for any tests reported
to date. Thus, no acute effects are Iiker in this region. H

Organisnms remaining within afew neters ofthe di scharge during
routi ne, near-continuous, low-rate di scharges could receive a long-term
e cposure to concentrations that epproach those found to be lethal to
the most sensitive organi sns bioassayed to date. Probably few, if
any, nektonic Organi Sms would remain in this near-field dilution zone
| ong enough to experience a lethal dose from continuous discharges
occasionally i nterspersed w th higher volume di schar ges. However, 4n
areas With relatively noderate currents such «s some parts of Georges
Bank, fish congregating around the drilling vesseleould experience some
degree ofsubl ethal stressunless they ® ctively e veidedthe plume.
Degree of ¢ vOi dance or e ttraction of motile organisms t0 drilling
muds has not been e dequately expl ored. In any case, only e negligible

e The 96=hr LCgq is that concentration causing mortality of SO percent
of organisms tested in 96=~hr e Xxposure.
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fraction of the population of any given species in the region of the
drilling activity would be at risk to such sublethal stresses.

Planktonic organi sms woul d receive a maxi mum exposure to drilling
effluents if, once entrained in the plume at the downpipe during a bulk
di scharge, they remained in it during its dilution and dispersion by
currents. Exposure to this type of rapidly declining dose has not been
attempted in |aboratory tests. However, avail able data suggest a
slight possibility that the high initial concentrati on would cause scme
mortalities of crustacean plankton, including shrinp and crab |arvae,
particularly if they "entered the plume at ahighly sensitive stage of
ecdysis (nolting). Sensitivity of fish eggs or larvae to drilling fluids
has not been reported in the literature but is likely to be no greater
than that of larval crustaceans. The percentage of any planktonic
population potentially affected woul d be negligible because of the narrow
wi dth and depth of the discharge plune and the brief duration and |ow
frequency of mud dunps of this volume at any well.

In summary, based on all available information, it appears that the
l'i kelihood of significant inmpacts on pelagic plankton and nekton from
drilling mud and cuttings discharges is renote, both in | ower Cook Inlet
and on Georges Bank. The potential e xists and remains t0 be explored
that some rig-associated fish could incorporate sone heavy netals into
their tissues.

Benthic | npacts

The degree of inpact of drilling fluids and cuttings on benthic and
demersal species is highly dependent on a nunber oflocal environnental
vari abl es (depth, current and wave regimes, substrate type, etc.) and on
the nature and volune of the discharges including cutting sizes and the
depth of the downpipe. |Inpacts can be considered to fall into two
relatively distinct categories: short-term effects of mud toxieity and
burial by nud and/or cuttings; and longer termeffects of chemical
contam nation and physical alteration of the sedinments.

The extent of the seafloor area where accunul ation rates of httings
and mud are great enough to cause stress Or mortalities {0 benthic
or demersal organisns (either due to burial or toxic e ffects) wll
vary with the above-nenti oned factors. Extremes woul d range from
the situation descri bed for Fentral lower Cook Inlet, where dynamic
conditions precluded formation of agy cuttings pile and where cuttings
were W del y di spersed and entrained vertically into the seabed, to the
situation existing in the Gulf of Mexico Wwhere cuttings piles typically
about 1 =m in height and 50 min daiameter have been reported. At the
*d-Atlantic exploratory well the sone of visible cuttings was 150 to
170 M o CroSS.

In very dynam c areas, both _in Situ bicassayse nd benthic sampling .
have shown |ittle evidence ofeffect on infaunaoron epibenthic crust a-
ceans ot distances of 100 m or greater fromthe well. However, even
in these very dynam c «zeas, nearly conplete disruption of benthic
compunities within 25 to SO m of the well must be assumed due {0 seafloor
di scharge of cuttings during placement of the collector pipe and due to
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placement of the baseplate, if used. In moderately deep water (100 = and
deeper) with nmoderate or low currents, a patchwork pattern of nuds an&
cuttings accunul ations may occur and be acconpani ed by significant
reductions in infauna in areas where accunul ati ons are nost evident.

The severity of the inpacts due to burial is inversely related to
the hydrodynam c energy level of the area, but the areal extent of the
inpacts is directly related to the area’ s energy level; thus, in low-
energy environnments a severe inpact will be felt by infauna over a
small area, but inhigher-energy environnents |esser inpacts (partial
mortality, changes in species conposition) wll occur over larger areas.

Motile epifauna (including demersal fish} is unlikely to suffer
any direct nortality and may be attracted to the rig vicinity by the
di sturbance and increased food availability. On the other hand, changes
in the physical orchenmical nature of the bottom may preclude use of the
area for some critical biological activity, for,example by increasing the
content of fines in coarse sedinents used for spawning. ZLecal reductions
in productivity of infaunal prey organisns wll also affect epibenthic
speci es.

Effects resulting from physical alteration of the bottom e.g.,
cuttings or nud accunul ations that change sea floor topography and/or

grain size, wll tend to revert toward their predrilling conditions
at a rate directly proportional to the rate at which natural processes
are affecting the bottom In an area such as the central portion of

lower Cook Inlet, currents are so strong that no prolonged accunul ation
ofmud or cuttings is possible. Cuttings are entrained into sandwaves of
approximately simlar particle sizes noving along the bottomand finer
materials, including muds adhering to cuttings, are picked up by the
currents and dispersed widely frem the drill site. Wthin a very short
period oftine (a fewweeks) it is unlikely that nud or cuttings would be
detectable at the drill site.

At less dynanmic sites, where cuttings and mudcake di scharged exceed
sizes transportable by normal bottom currents, return to predrilling
conditions will occur nore slowy. In shal |l ow waters, severe storms
will resuspend nud and disperse cuttings, working theminto the f£inper
anbi ent bottom sedi nents. In deeper waters, where 1little wavsutge
Is felt, biological activity will mx drilling deposits with natural
sedi ments, and natural deposition of coastal sediments will continuously
dilute cuttings and nud. However, many years may be required before
over burden conpletely isolates tl;xe Qdrilling deposits from biogenic
rewor ki ng. ‘

Presence of cuttings is unlikely to have any significant e dverse
o ffect other than very localized burial of sone infauna. The 300 =3 of
cuttings produced froma typical well, if spread evenly 0.5 cmdeep,
woul d cover en area of 60,000 m® (6 ha or 14.8 acres)perhaps killing
amajority Of dinfauna present and significantly e ltering its £future
character (not necessarily o dversely) due to increased coarseness of

material s. This assunmed area is consi derably larger than the | argest
area of visible cuttings accumulation reported in the literature. Within

one to several years the cuttings and their e Ssoci ated impacts would
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likely be undetectable in nbst environments due to resuspensi on and
transport and to working of cuttings into the bottom

Physical effects of drilling nmuds deposited on the bottom will be
short-Iived. However, presence of significant mud concentrations in the
surficial sedi nents could be expected to have significant adverse effects
on the existing infaunal conmunity and could inhibit settlenent of nany
types of organisns (e.g., Tagatz et al. 1980). The persistence of
drilling nud in the surficial sedinents is again dependent on degree of
current and wave surge felt at the bottom as well as biogenic activity.
This material is expected to be rapidly dispersed horizontally (within a
period of a few nonths) by bottom currents, and vertically by biogenic
activities, even in the |leas dynamc areas of |ower Cook Inlet and
Georges Bank. Nonet hel ess, nortality or loss of recruitment in key
species could occur overa limted area, potentially affecting benthic
species conposition fort to several years.

The mpjority of beathic inpact studies to date have found little.
evi dence ofsignificant physical, chem cal, or biological effects
ext endi ng beyond 800 to 1,000 m downcurrent froma well site. However,
reports available froma md-Atlantic well nonitoring study |eave
open the possibility that significant reductions in benthos and increases
in trace netals levels nay have extended up to 3,200 mor farther
downcurrent fromthe well site. Since this is the only deep water
(»100 M) study reported to date, and until clarification of its apparent
results can be obtained, a considerable degree of conservatism has been
i nposed on inpact anal yses of deep water wells in environnents wth
rel atively low near-bottom energy regimes.

a discharge of 500 niof nud solids from an entire 3,000-m well
spread evenly 6.5 nm deep would affect an area of 1,000,000 nf(100 ha,
50 acres) assuming (very conservatively) that there is no renoval of
mud fromthe area during the duration of the well. Inreality, in
all environments much of the material will be dispersed beyond the
limts of detectability beforeconpletion of the drilling (e.g., Meek
and Rray 1980). It can be concluded that, in noderate- to | ow energy
environnents, accunul ations of cuttings and mudson the bottom have?he
potential to cause relatively severe impactson infauna up to perhaps 100
to 200 m downcurrent of the di scharge and | ess severe changes in species
conpositi on and@ abundance perhaps as far as 1 to 3 km downcurrent.

In addition to these relatively short-term acute, albeit |ocalized,
effects, chemi cals present in the“drilling nuds nmay be ingested by
bott om f eedi ng organi sms and becone incorporated inte their tissues.
The heavy metals arsenic, barium cadmum chromum |ead, mercury,
nickel, vanadium, and zinc may increase up toone to two orders of
magnitude above background in sedi nments within 100 mof the drilling
rigs. Ine ddition toe environnental variables, thee u.rce and metals
content of conponents conprising the mud systemin use, ¢S welles
the chem stry of the formation being drilled, goverm the relative
increases i n these vari ous netals. At greater distances (to 1,000m
downcurrent) NDre e | nmiant chenicals may be increased to perhaps one
order of magnitude or less above background.
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Quantities of nmetals discharged in the course of a typical wel |
(e.g., some 1,378 + kg chromium 33 kg 1lead) would produce concentrations’.
of 1.38 and 0.033 g/m* total chromium and | ead, respectively, if spread
evenly over1,000,000m? (assum ng very conservatively that all metals
are in the bottominpinging plume). If uniformy mxed with the top 5 cm
of sediment this would result-in en elevation of total chromium in the
sedi nent of about 17 mg/kg and. 0.4 mg/kg for total lead. The val ue
for chromumis on the same order of magnitude as, and the val ue forl ead
is anorder of magnitude 1less than, background values (using total
digestion) off the northeastern U. S. coast (Erco 1980) and woul d be
unlikely to causesignificant biological effects.

Regardless of the rate of the dispersion process and degree of
detectability, virtually all additions of metals to the marine environ-
ment wWill remain there, in some form indefinitely. The only real
significance of such additions, however, is in the degree to which
they reduce the “fitness” (ability to survive and reproduce) of |ocal
organi sns, or the degree to which they accunulate in the tissues of
local organisns and are transmitted through the food web, affecting the
“fitness” of the receptor. Two studies indicate that in order to attain
the same body burden ofa heavy nmetal, the concentration of the netal
in particulate form nust be two ornore orders of magnitude higher than

if the netal were in solution. This is an area in which additi onal
and very sophisticated study is needed. The majority of the total
metal s discharged with drilling fluids and cuttings is in forns that are
essentially biologically inert. However, sone fraction of metals

released is in biologically available forms. Several studies to date
have shown el evated tissue levels Of barium chromium |ead, and mercury
in organisns in the proximty of drilling nud discharges. At the present
tine, the significance or effects of heavy netals accunul ations in aninal
tissues is largely unknown as is the relationship, if any, between
t hese nmetal s accunul ati ons and histopathological or physi ol ogical,
changes in the receptors. Al though ourpresent ability to interpret the
significance of accunulations of metals 4in animal tissue is limted, it
appears that significant effects due todrilling fluid discharges are
unlikely beyond 3 km downecurrent of a dischargesite.

CRI TI CAL_PATHWAYS anp POTENTI AL ECOSYSTEM EFFECTS H

Lower Cook Inl et

Cook Inlet is a large tidal estuary |ocated in south-central
Al aska on the northwest edge of the CGulf of Alaska. The lower inlet is
characterized by wide tidal variatioms, complex net circulation petterns
(including the presence of tidal rips), and |arge e aasonal variations in
inflows of fresh water, much ofit containing high concentrations of
fine-grained gl acial sedinents.

Cook Inlet contai ns marine bi ol ogi cal resources ofconsi derable
e conomc, e cological, social,e nd e esthetic wvalue. NMbreover, the
bi ol ogi cal productivity of |ower Cook Inlet may be a major emergy source
for neighboring ecosystens. Many of the economically important Or gani snms
in |lower Cook Inlet ere nenmbers of, or dependent oa, the bentheos
(i.,e., organisms that |ive or oron the botton) . Clams, amphipods, and
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polychaetes (Sea worms) are of t en abundant and provide a food resource”
for larger predators such as king, tanner, and Dungeness crab as well as
shrinp, Pacific halibut, and other fish. Di stribution of organi sns
on deep water bottons is often irregular with concentrations im sone
areas but few of the sane species in adjacent areas. These distribution
patternsare poorl|ly understood for many species butareoftenin response
to substrate type, depth, <current, recruitnment patterns, and food
o vailability.

Exploratory drilling in lower Cook Inlet to date has failed to
detect commercial quantities of hydrocarbons. Al t hough sonme additi onal
wells may be drilled in the next few years, the chances of a significant
di scovery appear |low.  However, another ocs |ease sale (No. 60) includes
shelikof Strait to the south. Mreover, drilling in state waters around
the periphery of the inlet may also result in additions of drilling
fluids and cuttings totheinlet. .

The hydrodynamic regime in the najority of |lower Cook Inlet is
ideally suited to mnimze the impact of drilling fluid and cuttings
discharges. Strong surface currents will rapidly dilute the upper plune
of fluids and finer particles such that no inpacts will be felt in
pel agi ¢ pl ankton or nekten. Cuttings inpinging on the bottomw Il be
rapidly dispersed and worked into the bottom sedi nents by near-bottom
currents and biogenic activity. Mud solids will be scrubbed from the
cuttings, resuspended, and transported fromthe site.

Only in the southern and northeastern portions of the Cook Inlet
| ease area Wil bottom conditions allow accunul ations of mud and cuttings
that could affect beathos. Cuttings and possibly nud accumul ations could
reduce benthic infauna and attached epifauna over a limted area (up to
60,000 ni, less than 15 acres perwell). In the deeper areas of the
southern inlet dispersion of mud and cuttings could take several weeks or
months and there is a potential that changes in species compositionand
abundance coul d occur overan area as large as 1,000,600 nf(250 acres).
However, episodic high currents reported in these deeper waters would
resuspend nmuds and transport them from the area. Thus, any observed
impacts shoul d be relatively short-lived, e.g., t1to 2 yr. '

The ultimate fate of the majority of drilling fluid selids and
associated cont am nants released in lower Cook Inlet W || Dbe distribution
over the bottom of Shelikof Strait betyeen Xodiak and Afegnak |sl|ands and
the Al askan Peninsula. Quantities ef nud released under the BLM { 19761
devel opnent scenario, 4ifspreadevenlyover this area, would be undetect-
abl e chemically and insignificant biologically.

Georges Bank

Georges Bank CONPrises en area of about 25,920 km? off the northeast
coast of the United States, east-southeast of Cape Cod. The bank is
shal l owest in its northwestern porti on where the depth nay be 5 t6 6 m
in areas such as Cultivator and Geecrges sShoals. Extendingtothe east
and south of the shoals, nuch of the bankrangesin depth between 66e nd
$0 m. Georges Bank circul ation is complex with the principal feature
bei ng a clockwise gyre aroundt he bank In water |ess than 60 m deep.
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The gyre may not be entirely closed in all seasons, but nost of the watér
within the gyre may be recircul at ed. Near - surface fl ows overdeeper
wat er (and entrained pollutants) may | eave the bank at four |ocations:
the nort hwest corner of the bank east of the Great South Channel, the
eastern edge of the bank adj acent to Northeast Channel, the southern
flank of the bank, and the sout hwest corner of the bank adjacent to
G eat South Channel. Subsurface flows may al so | eave the bank atfour
| ocations: in deeper waters on the steep northern flank, atthe north-
eastern corner, along the southern flank, and at the southwestern corner.

The fl ow of wateral ong the southern flank between 60 and 100 = is
primarily aleng the isobath. It has been estinated that 70 percent of
this flow | eaves the bank at the southwestcorner and crosses the G eat
South Channel where it continues westerly along the continental shelf.
The remainder ofthis flow (30 percent or less) swings northward as part
of t he Georges Bank circulation and nay eventually flowinto the Gulf of
Mai ne or continue around the bank and exit at other locations. In water
depths greater than 100 malong the southern flank it is likely that flow
is down the slope toward the subnarine canyons and deeper waters. Tidal
currents are noderately strong in the shallow areas ofthe bank above 60
m dept h and decrease appreciably with increasing depth. Currents
within the submarine canyons on the southern flank of Georges Bank
periodically attain high velocities associated with tidal fluctuati on,
internal waves, turbidity flows, and stormns.

Georges Bank is a highly productive biclogical environnent which
supports & substantial €ishing industry of great commercial importance to
New Engl and. Substantial research efforts have been nade to determ ne
t he underlying basis for the high | evel of biological production and
understand the fluctuations (principally decline) of harvestabl e stocks,
so that these stocks can be managed effectively. Mich of the sustained
high level of production is attributed to upwelling of nutrient-|aden
wat er supporting a high level of phytoplankton production which in turn
is the principal source of energy forpel agic and benthic food webs.
The benthic invertebrate fauna on the southern flank is generally
characterized by high biomass in shallow water but is rapidly dimnished
with increased depth. Sea scallops and American |obster are the two nost
important commercially exploited shellfish resources. Surveys indicate
a broad pattern of groundfish abundance in the southern part of the
bank that corresponds with that of the benthic invertebrates; nanely,
e bundance is highest in shallow Water and declines wWith increased
dept h. Mbst of the southern area (ingluding the Lease Sale 42 area) is
moderately | ow t O noderately high in zesource abundancecompared t 0 other
portions of the bank. Yellowtail flounder is the nobst inportant species
over mostofthis area (less than 60 m depth) while silver hake, pollock,
and ot her bakes are al so important, especially in deeper water.

There is concern that exploration and devel opnent of petrol eum
resources on Georges Bank woul d ® dversely e ffect the living marine
resources not only on the bank but also £a surrounding erus. It has
been hypothesized that drilling £luids di scharged into the water col um
et warious |ocations and water depths within the lease.reas woul d
eventual |y be transported through the very productive submarine canyons
to deeper offshore waters, ® |long the southern flanke Cr 0SS Great South
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Channel and deposited in the Mud Patch, er along the southern and western’
sides of the bank with ultinmte deposition in the GQulf of Mine.

Current plans for exploratory drilling and | ow to high estinmates
of devel opnent drilling in the Lease Sale 42 Eiswere used in the
fornulation of a drilling scenario. The physical-chenmical and biol ogical
fates and effects of drilling €£luids were assessed imtwocontexts. The
first was in terns of fateand effects in the vicinity of a single
drilling operation that eould be extrapolated to cunul ative fate and
effects within the |ease area for the drilling scenario. The second was
internms of ultimate fate and effects inhypothesized areas of eventual
deposi tion. These assessments necessitated nmaking nunerous assunptions
in the absence of reliable or directly applicable data. In several
i nstances | ower and upper limits of effects were devel oped; upper limits
are thought to be tom="-tively high (highly unlikely to occur) and
lower limts are thought to be nore probable. |,

The principal sources of information applicable to assessnent
of 4arilling effects on Georges Bank are studies conducted to nonitor
drilling £luids di spersion during drilling of C.0.s8.T. well Atlantic G1
in 48 m of wateronthe bank and the nore extensive studies conducted
in the m ddl e Atlanticbefore, during, and after drilling of an explor-

atory well in 120 = of water. The results of these studies were used
to estimate the fate and effects of drilling in the |ease area, allow ng
for reasonable differences in environment and drilling depths.

Asin other regions, there is little basis for concluding that
significant adverse effects would be detectable anmobng various conponents
of the pelagic comunity (plankton and nekton) in t he Georges Bank
lease area. The benthic environnent within the |ease area will be
affected by the deposition of drill cuttings and nud solids with
associ ated chem cal additives. Drill cuttings and nud solids will
e ffect sessile and sedentary benthic invertebrates due to burial and
suffocation. A larger area of bottom will be affected by deposition and
transport of fine solids and adsorbed chemicals which in sufficient
concentration may have chronic eor acutely toxic effects on beathic
i nvertebrates. N

It is anticipated that adverse inpacts on the benthie environment
will be greater around wells drilled in deeper water despite the fact
t hat benthic organi sns are nore abundant ian shal | ow water. This is
because higher rates of dispersion and, dilution occur in shallow water,
thus reducing the exposure of the smallererea Of bottom initially
af fect ed. In deeper waterincreased trajectory through the water
col um disperses drilling £luids over a larger area of bottom initially
but di spersi on f£ollowing deposition would take |onger than in shallow
wat er .

Based on benthic invertebrate bionmass data forthe | ease area
e nd | ower e nd upper estimnmates of bottom e reapotentially e ffected,
projections of drilling impacts were made. A well drilled in 55 = of
water Woul d potentially affect a bottom area of 0.01 to 0.17 xkm? which
supports 8,675 to 133,070 kg of benthic invertebrate Picmass.  most
® xploratory drilling is expected to oeccuret an average depth of 85 m
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where 0.28 €0 1.77 knfof bottom and 62,770 to 392,310 kg of inverte- .
brates would be potentially affected. In deep water (?3S m) about 2.0t
to 8. 04 km® of bottom would be affected which woul d support 118,630 tc
474,506 kg of invertebrates. During the 3-yr period of exploration it isS
expected that 13.4 to 70.06 kniof bettem and 2,175 te 12,779 mt of
invertebrate biomass would be potentially affected. Since drilling
during the devel opnent phase will be concentrated at the locations

of platforms, the total area of bottom potentially affected will be
relatively | aw compared to the nunber of wells drilled. Uncle% the |ow
devel opnent scenario, about 8.4 to 44.6 xm? of bottem and 1,343 to
7,847 mt of invertebrate bicmass would be potentially affected. ~Under

the high development scenario, about 25.1 to 126.9 km? of bottem and
3,580 to 20,551 =t of invertebrate biomass weould be potentially affected.

For the 11= to1ld=-yr period in which exploration and devel opnent would
occur, approximately 3,519 to 33,300 mt Of benthic invertebrate bionass

woul d potentially beaffected. This amounts to about 320 to 2,379 mt/yT.

It can be assuned that there is a 10-percent conversion of prey
bicmass to predator biomass. Thus,the 320 to 2,379 mt of iInvertebrate
biomass potentially affected each year would suppert 32 to 238 mt of
benthic fish or invertebrate predators andscavengers. For cemparisen,
the total united States and foreign fleet catch of these organisms
averaged 188, 736 =t from 1972 to 1975. In this context, the potential
impact On the benthos coul d reduce feeding opportunities for seme 0.02 to
0.13 percent ofthe bemthic fish and invertebrate catch. Because of the
conservatism of assunptions nade at every step in the devel opment of this
scenario, it i S highly unlikely that quantities offish and shellfish

actually lost to the effectsof the effluents woul d approach even this
low figure (0.02 percant).

To assess potential effects of accunulation of dxilling nud within
the Mud@ Patch and Gulf of Miine (hypothetical 8inks), it was assumed
that all of the nud solids and chemicals discharged over the life of
the field would be deposited in each ares and mixed in the top 5 em
of sedinents. The resultant concentrati on% of barium, chreaiwm, aad
zinc, the most abundant netals, weouladprobably be undet ectabl e agai nst
ambient and anal ytical variation. Simlar Calculations were =made
for Gilbert Canyon; it was assumed that about 11 percent of t he drilling
£fluids produced in 1 yr would be deposited ia the heed of the canyon.
Concentration ofchromium and zinc woul d be undetectable agal NSt ambient
vari ation, - but concentrations of barium would be above ambient. In
reality, the amount of drilling fluids tzansported toward the canyons
would be dispersed through more than 'em€ canyon; thus ®etals concentza-
tions would be lower yet. |ncreased concsntrations of suspended solids
in the canyons might oecur, but background data are not yet available
to judge the significance of t hi s effect. Asignificant increase of
suspended solids could @ dversely affact sessile filter-feeding organisms
such as corals and sponges. A field study is 42 progress to essess this
possible impact.

Field and laboratory studias of the effacts of drillingmuds and
natural sediments contaminatsd by heavy metals provide ample eridencas
of biocaccumulatien (uptake) of these =metals ia tissues of benthic
organisms. Circumstantial evidence suggests that bicmagnification of
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these nmetals through the f00d webdoesnot occur. However, a definitive ~.
study of this problem has yetto be done so that biomagnification of
metals ON Georges Bank renai ns an inprobable but unresol ved issue.

CONCLUSI ONS
1. Extensive l|aboratory testing has denmonstrated that the bulk of
materials present in drilling fluids (e.g., barite,bentonite)
are relatively nontoxic chemcally but contribute to high
suspended solids |evels. other materials present in lesser

quantities such asheavy netals, biocides, and petroleum hydro-
carbons may be highly toxic. \Wole mud mXxtures are less toxic
than the sumof the toxicities of their conponent parts because
physi cal and chenical associations formed within the mixture
render many conponents biol ogically unavailable.

2+ a1l field and nonitoring studies have shown that highrates of
dilution of drilling f£luids occur withinarelatively short
di stance ofthe discharge and that background |evels for nost
water quality parameters are approached within 1,000 m

‘3. The likelihood of significant inpacts en pelagic plankton and
nekton fromdrilling nud and cuttings discharges appears remote,
both in lower Cook Inlet and on Georges Bank.

4*  The degree of inmpact of drilling fluids and cuttings on benthic
and demersal speci es is highly dependent on a nunber of | ocal
environnmental variables (depth, current and wave regimes,
substrate type, etc.) and on the nature and wvolume oOf the
di scharges including cutting sizes and the depth of the down-
pi pe. I npacts can be considered to fall into two relatively
distinct categories: short-term lethal effects ofnud toxicity
and burial by nmud and/or cuttings; and longer term effects Of
chemical contam nation and physical alteration of the sediments
which may alter recruitnent.

5. The majority of benthic impact studies to date have found litt}e
evi dence of significant physical, chemcal. or biological
effects extending beyond 800 to1,000m downcurrent from a
well site. I n moderate- tO | OWenergy environments, accunul a-
tions Of cuttings and nmuds on the bottom have the potential to
cause relatively severe impacts on infauna Up to perhaps 100 to
200 m downcurrent of t he discharge and | ess severe changes i n
speci es conposition and abundance perhaps as far as 1 to 3 km
downcurrent.

6. Effects resulting fromphysical alteration of the bettom, e.g.,
cuttings or nud accumulations t hat change sea floor topography
and/or grain sSize, will tend to revert toward their predrilling
conditions at a ratedirectly proportional to the rate at which
natural processes (e.g., currents) «re o ffecting the bottom
i.e.,overa period of weeks Or moaths in dynamic areas and over
a period of nonths oryears in less dynam c areas.
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7. the hydrodynamc regine in the majority of [ower Cook Inlet is’

ideally suited to mnimze the inpact of drilling fluid and *

cuttings discharges. Cuttings inpinging on the bottom will be
rapi dly di spersed and worked into the bottom sedi ments by
near-bottom currents and biegenic activity. Mud solids will
be scrubbed fromthe cuttings, resuspended, and transported
from the site. only in the southern and northeastern portions
ofthe Cook Inlet |ease area w |l bottom conditions allow
accunul ations of nud and cuttings that could affect benthos for
up to 1 to 2 yr.

If the total quantity of nud released from the BLM (1976)
devel opnent scenario for |ower Cook Inlet were transported to
the nost likely ultimate sink (shelikeof Strait) and spread
evenly on the bottom it would be undetectable chemcally and
i nsignificant biologically.

8. The benthic environnent in the Georges Bank | ease area will be
affected by the deposition of drill cuttings and nud solids wth
associ ated chemical additives. Drill cuttings and nud solids
will affect sessile and sedentary benthic invertebrates due to
burial and suffocation within 100to 200 mof the discharge. A
| arger area of bottom wp to 1 to 3 km downcurrent, may be
affected by deposition and transport of fine solids and adsorbed
chem cals which in sufficient concentration may have chronic
or acutely toxic effects on benthic invertebrates. It is
anticipated that adverse inpacts on the benthic environnent will
be greater around wells drilled in deeper water although benthic
organi sms are nore abundant ia shal | ow water.

The 320 to 2,379 mtofinvertebrate biomass conservatively
estimated aspotentially affected each year during exploration
and drilling would support 32 to 238 mtof demersal fish or
i nvertebrate predators and scavengers. In this context,
the potential inpact on the benthes would affect 0.02 to
0. 13 percentofthe total U S. and foreign demersal fish and
invertebrate catch from 1972 to 1975. )

9. The likelihood of neasurable orbiologically significant
quantities ofdrilling fluids accunmulating in the potenti al
depositional Sinks off Georges Bank i S remote. Minor effects in
t he submarine canyons are possi ble underthe conservative
wor st-case inpact scenario but'thereallikelihood is considered
to bevery | ow.

ADDI TI ONAL _AREAS FOR RESEARCH

Exam nation of existing literature and the devel opnent of con=
servative (worst-case) estimates fOor e nvironmental Jimpacts indicate
insignificant inpacts would result frem drilling nud discharges. Wi | e
concl usi ons nay remain essentially the same with e dditional Information,
t he £following areas of research may be ® ppropriate imorderto suppl ant
the assunptions that were made.
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